This talk will provide an overview of high power laser research at Lawrence Livermore National Laboratory (LLNL). It will discuss the status of the National Ignition Facility (NIF) laser. In addition, the talk will describe other laser development activities such as the development of high average power lasers and novel fiber lasers.
HIGHLIGHTS OF LASERS AND OPTICS SOLUTIONS AT LLNL
Lawrence Livermore National Laboratory (LLNL) has been delivering leading edge laser and optics solutions for over 40 years. The expertise that we have at LLNL underpins our capabilities, including advanced optics, glass, and crystal technologies, high power diode arrays, unique fiber design and fabrication, short pulse lasers, high power and energy lasers, optical modeling and system engineering. In this paper, we summarize these capabilities and highlight a few systems at LLNL, such as a High Repetition Rate Advanced Petawatt Laser System (HAPLS) for the ELI Beamlines in the Czech Republic, our unique fiber design and fabrication capabilities, the NIF laser as well as the new Advanced Radiographic Capability (ARC) which has recently been added to the NIF.
Highlights of lasers and photonics at LLNL
The European scientific community has turned to the LLNL for the design and construction of an extraordinarily powerful laser. Called the High-Repetition-Rate Advanced Petawatt Laser System (HAPLS) 1 , the instrument will be key to the ELI-Beamlines facility, the world's new high-intensity laser science facility in the Czech Republic. The HAPLS laser is designed to deliver ≥30J, ≤30 fs at 10 Hz. This laser is highlighted in another paper later in this conference 2 . The laser has been constructed at LLNL, see figure 1 , and has passed its initial test phase. To successfully complete this laser, the project advanced several technologies, such as high power diode arrays and drivers, new grating technologies, and novel laser architectures. Figure 4 . The number of shots per year for our customers has been increasing due to the impact of our efficiency improvements. The laser shots in 2014 were to work out issues with beam quality and optics issues. As those issues were put to rest the number of laser calibration shots could be reduced.
NIF as a

Advanced Radiographic Capability (ARC)
The need to better understand the physical processes occurring in NIF experiments over time scales measured in picoseconds has required researchers to develop a new generation of ultrafast, ultrahigh-resolution diagnostic capabilities 12 . One such capability, the Advanced Radiographic Capability (ARC), enhances the suite of detectors, spectrometers, interferometers, streak cameras, and other instruments deployed on NIF. ARC is a kilojoule petawattclass laser-that is, it can deliver more than 1,000 joules of energy at peak powers exceeding a quadrillion (10 15 ) watts. Following in the footsteps and building on the capabilities of successful petawatt systems built at other HED experimental facilities [13] [14] [15] [16] [17] [18] [19] , ARC can produce a brighter source of penetrating, high-energy x rays for target backlighting than is possible with current NIF x-ray sources 20 . With ARC, scientists can record a series of snapshots revealing the dynamics of NIF target materials under extreme conditions of density, temperature and pressure. When combined, these images can reveal changes in complex two-dimensional features over time. ARC achieves its extreme laser intensities through chirped-pulse amplification, a common architecture for short-pulse lasers 21 . In this process, an ultrashort laser pulse, only picoseconds or femtoseconds (10-15 seconds) long, is first stretched in time to reduce its intensity. The frequency content of the ultrashort pulse is distributed in time to create a nanosecond-long, frequency-swept (chirped) pulse that can be safely amplified without generating intensities above the damage limit of laser glass and optics. After amplification, the chirped pulse is passed through an arrangement of diffraction gratings called a pulse compressor to undo the frequency sweep and re-create the initial short pulse, thus producing a high-energy, high-power laser pulse. Multi-frame radiography employing x-ray backlighters has been a standard diagnostic technique on NIF, but to date it has lacked the image quality, penetration levels, speed, and flexibility of the ARC design. ARC splits each of the four beams in one NIF quad into two apertures (beamlets), producing up to eight petawatt-class laser pulses that can be used to create high-energy x-ray images of the target. When fully implemented, each of these beamlets will be capable of producing energy ranging from 0.4 to 1.7 kilojoules at pulse durations between one and 50 picoseconds (see Figure 5 ) with delays up to 80 nanoseconds. A single beam of ARC (two beamlets) will deliver up to 500 terawatts of power-the same level of power NIF generates with 192 beams. The ARC laser is integrated into the NIF laser system utilizing four of the NIF beams (1 quad) to produce 8 beamlets (the 2 beamlets for each beamline are designated A and B). The quad of beams can either be configured for NIF 3ω operation or for high energy ps pulses, using hardware controlled during the automated shot cycle. ARC main laser early light operations started in 2014 22 and commissioning of 4 of the 8 beamlets to target chamber center was completed in December 2015, producing a total of 4.4 kJ in four 30 ps pulses. The ARC laser system required 3 major modifications to a quad of NIF beams: (1) The High Contrast Front End (HCAFE) produces a stretch chirped pulse amplified by the NIF pre-amplifier and slab amplifiers. Table (ADT) profiles, pre- Figure 5 .
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